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The probe set was validated using a sample from a healthy individual. The normal 159 karyotype showed 2 fusion signals without an isolated red or green signal (0R0G2F) (Figure 2A ).
160 Fusion signals were identified on chromosome 7 without non-specific signals (Supplemental Figure   161 2). IKZF1 deletion was detected as a loss of the red signal resulting in 1 green signal and 1 fusion 162 signal (0R1G1F) ( Figure 2B ). Additional 10 normal control samples were analyzed to calculate 163 normal ranges for false-positive signal patterns. Based on 500 nuclei scored, 0. 225 Thus, we designed and cloned an ideal probe and combined the probe with another BAC clone that 226 annealed the 3' region of IKZF1. The probe set worked effectively for cell lines and clinical samples, 227 and various types of deletions were detected. In all cases with IKZF1 deletion that were FISH-228 positive, the joint sequence was identified by multiplex PCR. Furthermore, the FISH method can 229 detect whole gene deletions that are not detected by the multiplex PCR method. The multiplex PCR 230 approach could miss an atypical deletion with a rare RSS. Our IKZF1 deletion FISH can detect such 231 an atypical deletion pattern. Relative quantitative-PCR (RQ-PCR) detection of IKZF1 was reported 232 to be a sensitive MRD marker 23 . In that study, only cases with 4-7 deletion were validated. In the 233 RQ-PCR method, the primer set should be changed depending on the deletion type. Our IKZF1 234 deletion FISH can detect any of the 4 types of deletion spanning IKZF1 exon 4 to 7. Limitation of 235 our probe is that the probe could not detect relatively rare but recurrent deletion spanning exons 2-3 236 12 .
237
In the V(D)J recombination process, the excision fragment is known to form circular DNA. 
269
We developed FISH analysis that can detect an IKZF1 deletion mutation in ALL. The 270 FISH analysis detecting IKZF1 is a simple, fast, sensitive, quantitative and cost-effective method. 327 IKZF1Dc IKZF1Dd
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